Intestinal disaccharidase deficiency, either primary or secondary, is a common cause of gastrointestinal symptoms. Diagnosis is often based on clinical suspicion, together with the observed response to dietary manipulation. Established methods of investigation depend on absorption of monosaccharide products' or the appearance of hydrogen in the breath2 after ingestion of disaccharide, or assay of disaccharidase activity in tissue obtained by jejunal biopsy specimen. Simultaneous investigation of intestinal permeability and lactase activity by differential sugar absorption has been described in infants and adults with rotaviral enteritis,3 and we now report the use of an extended version of this test in which urinary excretion of intact sucrose, palatinose, lactose, lactulose and L-rhamnose following oral administration of these sugars is used to investigate intestinal disaccharidase activity and permeability in a family with asucrasia. Though described here as a two-stage procedure, this non-invasive differential absorption technique is now routinely comb'ned for use as a single test which offers the advantage of simultaneous estimation of intestinal lactase, sucrase, and isomaltase activity, together with lactulose:rhamnose permeability.
Methods A 10 year old boy presented with a five year history of intermittent diarrhoea and flatulence, passing up to four voluminous stools a day. His mother thought the symptoms were aggravated by sweet foods and possibly milk. He was well built and physical examination yielded normal results. A differential disaccharide absorption test gave abnormal urinary excretion ratios, suggesting intestinal asucrasia with normal lactase activity and permeability. As a result the entire family (mother, father, paternal uncle and two brothers) requested investigation. One brother, aged 13 years, had similar though milder symptoms.
DIFFERENTIAL URINARY EXCRETION OF INGESTED DISACCHARIDE (figure)
Principle A small fraction of ingested disaccharide permeates across the intestinal mucosa by unmediated diffusion. The amount is determined by intestinal absorptive area, permeability, and transit rate, in addition to factors such as dilution and rate of hydrolysis which modify the intraluminal concentration. As most disaccharides are completely excreted by the kidney after reaching the blood stream45 the fraction of an ingested dose recovered as intact disaccharide in the urine is, assuming normal renal clearance, determined by these gastrointestinal factors.56 Oral administration of lactulose, which resists mucosal hydrolysis,7 together with "test disaccharides" such as lactose, sucrose, and palatinose, provide a correction for all the variables other than the rate of small intestinal hydrolytic degradation (figure). Urinary lactose:lactulose, sucrose:lactulose, and palatinose:lactulose excretion ratios can therefore be calculated as specific indices, respectively, of intestinal lactase, sucrase, and isomaltase activity. In the absence of intestinal hydrolytic activity the fraction of "test disaccharide" permeating the intestine becomes the same as that of lactulose, and the "test disaccharide":lactulose ratio of percentages excreted in the urine rises to a value of 1-0. suggesting that mucosal integrity was intact.36
The two subjects with raised sucrose:lactulose ratios also had high palatinose:lactulose excretion ratios (0 75 and 0 65), which indicated an associated deficiency of small intestinal isomaltase activity.
Results of in vitro jejunal disaccharidase assays are given in table 2. Sucrase activity was undetectable in the two subjects with raised urinary sucrose:lactulose excretion ratios, while lactase activity was within the normal range. Intestinal maltase activity was also reduced in both these subjects, as has been reported in other cases of asucrasia."' Jejunal histology was normal in both subjects, confirming a diagnosis of primary sucraseisomaltase deficiency.
Discussion
The principles involved for assessing intestinal disaccharidase activity by differential urinary excretion of intact disaccharide following ingestion have been described previously.35 In support of previous reports'23 the present findings show good agreement between intestinal disaccharidase activity assessed in vivo by differential disaccharide excretion and by in vitro assay of jejunal biopsy tissue. Recent improvements in the sensitivity and resolution of the quantitative thin layer sugar chromatography method described now permit simultaneous evaluation of lactase, sucrase, and isomaltase activity: for this purpose lactose, sucrose, and palatinose (10 g each), with lactulose (6-7 g), are administered together in the same oral test solution. Response ranges are not significantly different from those obtained when 20 g amounts of test disaccharide are given, provided results are expressed as ratios ofpercentages of the oral sugar doses excreted in a 1.0 hour urine collection. It should be mentioned that this method cannot be extended further to assess intestinal maltase and trehalase because, unlike most other disaccharides, maltose4 and trehalose (Menzies IS, unpublished observations) undergo metabolic degradation after intravenous administration in man and are therefore incompletely recoverable from the urine. The validity of any method for investigating disaccharide hydrolysis in patients with gastrointestinal disease should be considered in relation to any impairment of monosaccharide transport that may also be present. Tests that depend on a rise in blood concentration of the monosaccharide products generated by hydrolysis of ingested disaccharide'"'8 become unreliable when the absorption of such products is defective. Therefore, it is a particular advantage of this method that ratios of intestinal permeation of intact disaccharide are not affected by changes in the mediated transport of monosaccharides.3 Methods such as the lactose-hydrogen breath test may also become unreliable when malabsorption causes retention of monosaccharide in the gut; furthermore, failure of colonic bacteria to generate hydrogen from unabsorbed sugar, another possible source of unreliability in the breath test,'920 does not affect the disaccharide permeation ratio.
Inclusion of L-rhamnose permits intestinal
The al-6 links of isomaltose, palatinose, and a-dextrin are broken by a brush-border isomaltase that is associated with sucrase activity on the same molecular complex. Consequently, in congenital asucrasia deficiencies of both sucrase and isomaltase activity are usually combined.2' Sucrase-isomaltase deficiency is inherited as an autosomal recessive condition, and normal intestinal disaccharidase activity would therefore be expected in both parents and the paternal uncle, as was shown.
Although hydrolysis of palatinose by normal human jejunal mucosa is reported to be considerably less efficient than that of isomaltose or sucrose (1 4-4.0 v 4-0-14 and 60-17 umol/min/g wet weight, respectively)'0 " the excretion ratios obtained from our normal subjects suggest that palatinose is a very satisfactory substrate for in vivo assessment of human intestinal isomaltase activity, being hydrolysed with similar efficiency to sucrose. Palatinose shows pronounced "substrate inhibition"-that is, inhibition produced by the presence of palatinose itself-in certain in vitro assay systems,2' which may offer some explanation for the observed discrepancy.
In conclusion, both our present and previously published experiences with the differential urinary disaccharide excretion test indicate that it is a clinically convenient method for assessing intestinal disaccharide hydrolysis. It is non-invasive and can provide a reliable estimate of lactase3 and, as shown in this study, of sucrase and isomaltase activity, together with mucosal integrity indicated by a lactulose:rhamnose permeability ratio, from a single test procedure. As a measure of small intestinal hydrolytic performance it complements, and could replace, in vitro disaccharidase assay which requires tube biopsy. It is an effective method for investigating individual patients with symptoms suggestive of primary or secondary disaccharide intolerance, but is also particularly suitable for studying profiles of intestinal disaccharidase activity in population groups.
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